Development of glutamate binding sites and their regulation by calcium in rat hippocampus.
The postnasal development of the Na-independent [3H]glutamate binding sites, which exhibit some characteristics of postsynaptic glutamate receptors, has been studied in rat hippocampal membranes. The amount of binding sites (expressed in pmol/hippocampus) represents 4% of the adult level at postnatal day (PND) 4, increases very rapidly until PND 9, and then increases at a slower rate reaching 80% of the adult value at PND 23. In contrast, the density of binding sites (expressed in pmol/mg protein) exhibits a maximum at PND 9 and slowly decreases to reach the adult value at PND 23. These changes seen to be only quantitative since the affinity (about 450nM) and Hill coefficient (about 1.0) of these binding sites remain constant throughout development. Calcium ions have been shown to markedly stimulate [3H]glutamate binding in adult hippocampal membranes. This effect appears on PND 9--10 and increases rapidly until PND 16 when it is similar to that seen in the adult rat. We also determined the minimum age at which long-term potentiation (LTP) of synaptic transmission could be detected in the CA1 field of hippocampal slice preparations following repetitive electrical stimulation of the Schaffer-commissural pathways. LTP was only rarely detected at PND 8 whereas it could be reliably obtained after PND 9. These results indicate that the postnatal development of Na-independent glutamate binding sites closely parallels synapse formation in the hippocampus, further supporting the idea that the binding sites are associated with a physiological receptor. They also show that the appearance of the stimulatory effect of calcium on glutamate binding occurs at a time when several forms of synaptic plasticity appear in the hippocampus. In particular the correlation of the development of LTP with the calcium-stimulation of glutamate binding suggests that these phenomena have similar cellular mechanisms.